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This r e p o r t  covers work performed i n  Ju ly ,  Auqust and September, 1981 
on the DOE/JPL Contract 954334, Phase 111, This phase cons is ts  o f  the en- 
g ineer ing  design, f a b r i c a t i o n ,  assembly, operation, economic ana lys is ,  and 
process support R&0 f o r  an Experfmental Process System Development U n i t  
(EPSDU) , 
Union Carbide has entered i n t o  n e s o t i a t i o n  w i t h  DOE/JPL t o  cos t  share 
I n  the EPSDU program by con t l nu lng  w i t h  construction and s ta r t -up  w f t h  com- 
pany funds. This has been necessary due t o  severe sovernment budget re-  
c is ions  i n  the s o l a r  and o the r  enerqy r e l a t e d  programs. As a conseqrlence 
of such a p lan,  UCC w i l l  r e loca te  the EPSDU f a c i l i t y  t o  a West Coast I cca-  
t i o n  t o  complete and  run  the  f a c i l i t y .  
The deslsn a c t i v i t y  i s  complete and mechanical and e l e c t r i c a l  b i d  pack- 
ages w i l l  be re issued t o  o b t a i n  b ids  a t  t he  new EPSflU l oca t i on .  About 95?: 
of purchased equipment has been recelved and w t  11 he r e s h i ~ p e d  tc! the West 
Coast l o c a t i a n .  
The r e p o r t  generat ion p a r t  o f  the Data Col i e c t i o n  System was completed 
i n  t h i s  quar te r .  The d r a f t  o f  the operat ions manual ' s  about 5174' coninlete 
and the desiqn o f  the free-space system i s  contlnuiri.!. 
I n  the  area of me1 t lnq/cansol  i d a t i o n ,  Kayex has deronstrated the 
system us ing  s i l l c a n  powder transfer, me1 t i n ?  and s h o t t i n g  on d psuedo- 
cont" * lus  basts. Experimental a c t i v i t y  ceases a t  t h r  end c f  the qua r te r  
and , . . .  , .  2n ta t i on  o t  t he  results and recommendations w i l l  be completed i n  
the  tr,.:. ,h quarter. 
A proposal has been submit ted t o  cont lnue the very vrornisina f l u id -bed  
work i n  the  next  f i s c a l  year  w l t h  a r e l a t i v e l y  small budqet. The EnSDU 
pf l o t  p l a n t  w i l l  probably be funded by UCC i n  the nex t  f i s c a l  year  pendino 
a favorable agreement t o  be signed soon hetween DOF/JPL and Union Carbf de. 
SECTION I .  INTRODUCTION 
Thls r e p o r t  covers work performed i n  July,  August and September 1981 
on JPL/DDE Cont rac t  954334, Phase I IS. 
The o v e r a l l  objective o f  the LSA S i l i c o n  Mater ia l  Task i s  to e s t a b l i s h  
a chemlcal process f o r  producfng s i l l c o n  a t  a r a t e  and cos t  conme~;surate 
w i t h  the product lon goals of t he  LSA p r o j e c t  f o r  s o l a r - c e l l  modules, This 
mater f  a1 must be su i tab le  f o r  u t i l  f zat ion  i n  the large-area sheet process 
and I n  the  automated pracess for  the f a b r i c a t i o n  o f  solar ce'lls having 
s a t i s f a c t o r y  phys lca l  and e l e c t r i c a l  performance c h a r a c t e r i s t i c s .  
As p a r t  of t he  o v e r a l l  S i l i c o n  Ma te r i a l  Task, Union Carbfde developed 
the  silane-sf 1 I c o n  process and advanced the technology t o  the p o i n t  where 
t t  has a d e f f n f  t e  po ten t la1  f o r  p r o v i d i n g  n igh -pu r i t y  p o l y s i l i c o n  orr a 
comnercfal sca le  a t  a p r i c e  cf S14/kg by 39R€ (1980 d o l l a r s ) .  Thls work, 
completed under Phases I and I! o f  the  con t rac t ,  provided a fitm base f o r  
the Phase I 1  Frograp ( I n i t f a t e d  i n  A p r i l  1939) a imed a t  e s t a b l i s h i n s  the  
p r a c t f c a l i  t y  of  the process by pursu ins the fo l low ing s p e c i f i c  objec t ives :  
a Deslgn, fabr icate ,  i ~ s t a l l ,  and operate an Experimental 
Process System Develcprent C n i t  (EPSDUj s ized for 100 
MT/Yr to o b t a l n  extensive performance d a t a  t o  e s t a b l i s h  
the data base f a r  the design o f  commercial f a c i l i t i e s .  
e Perform suppor t ing  research  a n d  development t o  provide an 
i n f o m a t i o n  base usable f o r  tbe  EPSDC and for techno loq ica l  
design and economic ana lys is  f o r  p o t e n t i a l  s ra l e -up  of 
the process, 
r Perform iterative econonic analyses of the est4irrated product 
cost for the product ion of semiconductor-grade s i l i c o n  i n  a 
facflity capable o f  producjnn 1000 MT/Yr. 
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Thfs process f o r  p repar inq  semiconductor-nrade s i l  f con in t h e  EPCDU 
from metallurqical-grade (M-G) s i l i c o n  f s  based on a we l l - i n tea ra ted  
arrangement o f  p u r i f i c a t f o n  s teps t h a t  prov ides  a cost-ef fect ive process 
system. 
The th ree b a s l c  steps entail convert in^ K G  s i l i c o n  t o  t r i c h l  o ros i  lane, 
redf stri bu t i  nq the tri ch l  oros I  1 ane t o  produce s i  1 ane, and thermal 1 j decom- 
posing the si lane t o  form s l l  icon powder, The powder is then rrel ted and  
the trol ten  s i l i c o n  i s  c a s t  fnto p o l y c r y s t a l l i n e  s i l i c o n  fa r  subsequent 
i n  f a b r i c a t i n s  solar  c e l l  5 .  
The techni  csl pronress presented f n th! r report i s  arranned arcordinfl 
t o  t h e  work Breakdown Ytructure (tlBS) shown i n  T a b l e  !, 
SECTION 11, TECHNICAL ACTIVITlES (BY GlBS NUMBER) 
- 
1, EPSDU P R O G I  
As l l l u s t r a t ~ d  in Table  I ,  the cu r ren t  Phase I T ;  Pruarar  consists 
o f  sevan primary (kBS level 2 )  d i v i s i o n s  o f  e f f o r t :  
a EPSDU Design a;ld P r o c u r ~ r c n t  
a EPSDU Equipment: Fabtlication and  gel i v e r y  
a EPSDL I n s t a l l a t i o n  and Checkout 
a EPSDU Operat ian 
a Cormercfa: (3000 YT/Yr l  Proce:~ Econarric A n d l v s i s  
a Frcccss EPF t o  S u p p o r t  C V E L '  resir in and C o ~ ~ t : r e t a l  B,nalysis 
u Progran !E:anaqeret~t 
C o l l e c t i v e l y ,  these activities encornpas5 i71 e f f c . t s  rea\!iret t o  a t -  
t a i n  the procram o b j e c t i v e s ,  The  s u t  i v i s j o n s  (VPq levels 3, 4 ,  arrl 5) 
de f i ne  the i n d i v i d t i a l  work items t h a t  lnust be eerf~rmcr! .  The rjroaress fo r  
t h f  s quarter, docurenter! 411 t k . 1 ~  S E C ~ ~ O F ,  i s  r e p o r t e d  a t  the work- i  t ~ r r  ' leve l .  
T h i s  e f f o r t  i n c l u d e s  a l l  enaineerinq, desinn, and procurercnt a c t i v i -  
t i e s  necessary t o  t l n a n s f o r ~  the tiroces'1 desion, developed d w f n q  the Phasc 
I I Program, i v t o  a cornnlete t t l s  t a l l c  t ion-drawinn oackaoe fcr  TI'SDU. The 
m a j w  tasks l n c f  u d ~  process +esipn rpda  t ~ s ,  f a c i l i t y  d e s i m ,  eauipment 
design and procureren t ,  i n s t 6 1  1 a t i o n  drjsian, and c o s t  est i r r ia t lnn sunrlort. 
1.1.1 Process n e s i ~ n  
The process design e f f o r t  is qeared towarr! usinrt the triost recent 
tn format ion avaflable t o  p r o v i d e  t he  most  practicable i n t e a r a t i o n  o f  pracess 
subsystems for ht ta  i n i n q  t he  EPSDU Prosram o b j p c t i  ves. The process desiqn 
package c o n s i s t s  af a heat/mass balance, procers d e s c r i p t i o n ,  process f l o w  
diagram, and func t iona l  spec i f i ca t i ons  f o r  orocess equipment. The o r i q i n a l  
package, i ssued  i n  June 1979, served as the basis  f o r  the  subsequent e n d -  
neer inq e f f o r t ,  Bane f f c fa l  data from the  support inq R&9 e f f o r t  and other 
process-related analyses and experfments were used t o  update the  o r i q j n a l  
package. Process enqineers, us ing i n fo rma t ion  a v a i l a b l e  from t h e  Phase I 
and Phase I I  Programs, p rov ide  d i r e c t  support t o  the f a c i l i t y  and equinmeqt 
design e f f o r t s .  
1.1.1.2 Ens ~ n e e r l n q  Desisn Support 
This a c t i v i t y  i s  complete except f o r  some minor ena inee r i~c t  de- 
t a i l s ,  An I n t e r n a l  meeting w i l l  be held i n  October t o  assurp thnt a l l  
1 terns have been addressed, 
The Gantry scale podel has been cornpletcd and shipped. Work on 
the f a c i l i t y  scale model has been d jscont inued s ince t h e  EPSDU layout a t  
the  new s i t e  w t  11 rearranqed. 
1.1.3 Eauipmer-t Desiqn, Specification, P r o c u r e ~ e n t  
The equipment re1  ated  e f f o r t  inc ludes developvent o f  t h e  cotitrol 
system, p r e p a r n t l ~ n  o f  the  p i p i n q  and ins t ru r ren ta t ion  diaoram, nrepara t ion  
of w i r i n g  schematics and con t ro l  panel drawinqs, and t i l e  desinn o f  equin- 
rent. The s p e c i f i c a t i o n  a c t i v l t y  inc ludes d e f i n i t i o n  c f  s p e c i f i c  renu i re -  
nlents f o r  each i t e m  o f  e q u i ~ r c n t ,  r ~ r e p n r a t i o n  of b i d  packapes, evs lua t i on  
o f  vendor quo ta t i  on, and preparat ion o f  f i n a l  s p e c i f i c a t i o n s  and drawinos. 
Procurement includes the issuance o f  procurement packaoes t o  se lec ted  vendors 
and o b t a i n j n g  comprehensive design i f i f c r n a t  i o n  necessary for prepar f  nq i n -  
s t a l  l a t i c n  drawlnqs. 
The deslgn and procuresent c f  each i t em o f  ecuipment I s  accom~~ l i shed  
through t h e  combfned e f f o r t s  o f  process enqineers, equipment errrineers, and 
purchasing agents. These e f f o r t s  produce a se r i es  o f  documents +hat  evclve, 
u l t i m a t e l y ,  i n t o  a corcpletc, d e f i n i t i v e  nrocurement package, The i r d i v i d u a l  
documents are  as  fo l l ows :  
a Functfonal Speci fication 
m Engineering Specf f i c a t i o n s  
e Request For Quotation (RFQ) 
r Request For R e q u i s ~ t i o n  (RFR) 
a Purchase Order ( P O )  
Procurement S t a t u s  Report 
These s i x  documents serve as milestones f o r  measurinq performance 
o f  the p rocu re~en t  cycle for each i tern o f  equipment. 
1.1.3.1 Process Control  
The f i n a l  rev iew schernatlc w i r i n g  diaqram and the  pr imary rec- 
ornme~ded spare p a r t s  l i s t  were issued. The ~relirrinary proo ram~ ina  c f  the 
Modlcon Pr~grsm~able Control l~r  was completed in Septemter, 
1.1.3.7 Other Eupment, Spec ia l t i es  
The c lean lng  o f  speciality t terns ( v a l v e s ,  e t c )  t a  meet the  c lean ing  
s p e c f f i c a t l a n s  i s  approximately 80% complete and will be completed i n  
October. The Py ro l ys i s  Hydrogen Compressor r e f i  ttins w i l l  a l so  be com- 
pleted I n  October. 
1, l .  3.8 D a t a  Col 1 e c t i o n  System 
A d e s c r i p t i o n  o f  the D a t a  C o l l e c t i o n  System f o r  t h e  100 MT/Yr 
silane-to-sil i con  EPSDU was issued.  The Archive Syster was completed, b u t  
documentatf on rerrafns t o  be wri t ten. 
1.1.4 - Installation Design, 5 p e c i f i c a t i o n ,  Subcontract 
T h i s  deslqn e f f o r t  Includes development of  separate installation 
drawlng packages f o r  the s i t e ,  c i v i l ,  mechanical, and electrical s p e c i a l t i e s  
based on the ensf neering desf ~n e f f o r t  and vendor-suppl i e d  in format ion.  Spe- 
c i f f  ca t i on  a c t : v i t y  inc ludes  d e f i n i  t j o n  of s p e c i f i c  requirements f o r  perfor-  
ming al l  f n s t a l l a t i o n  funct ions.  Subcontracting lncludes the preparation o f  
b i d  packages, eva lua t i on  of q u o t a ,  sub-cont rac tc r  select ion and c o n t r a c t  
negotSatlon. 
1.1.4.4 Meehanf ca1 k s i g n ,  Spec i f i ca t ion  & Ma te r ia l s  and 
1,l. 4.5 Meehanlcal Drawings 
F i n a l  drawfngs and s p e c i f i c a t i o n  changes were completed and the 
mechanical I n s t a l l a t i n n  package was marked ''For Construct lon/t lold." The 
potential contractors were n o t i f l e d  t h a t  contracts would no t  be awarded 
a t  East  Chicago. 
1.1.4.6 E l e c t r i c a l  Design, Specif icatSon t Mater ia ls_ and 
1.1.4.7 E l e c t r i c a l  Drawings 
The b ids  f o r  the  EPSDU e l e c t r i c a l  work were recef ved and evalu- 
ated. A con t rac t  was  no t  awarded stl ice the  EPSDU p i l o t  f a c i l i t y  w i l l  be 
relocated in Washlngton s ta te .  F4nal drawing and speci f i c a t i o n  channcs were 
completed and the e l e c t r i c a l  I n s t a l l a t i o n  package was marked "For Con- 
s t ruc t lon /Ho l  d. '' 
The Free-Space F?eactor/Powder Hopper desiqn previous ly devel oped 
was revjewed and design modi f ica t ions  were rade t o  h p r o v e  the  desiqn. 
Mod1 f 1 ca t.1 ons i nc7 ude : 
9 Safely valve was reolaced w i t h  a hurs t  disc ,  
r Vacuum l i n e  was re located t o  prevent p lucgins,  
9 Powder t r a n s f e r  l i n e  vras respec i f i ed  t o  use po l  ishecl 
stainless s tee l  tubinq.  
a A g i t a t o r  was re located and supports redesiqned. 
Powder l eve l  detectors were added t o  the  s i l i c o n  powder/ 
hopper design. 
r Eeal f o r  quartz 1 i n e r  was m o d i f i e d  t o  a metal be1 lows type. 
Fabr ica t fon  drawings for the free-space reac to r  were completed. 
Design work has begun on the hopper vessel which feeds silicon powder t o  
the me1 ter uni t. A p re l im ina ry  lay-out  was completed f o r  the s t e e l  s t ruc tu re  
whjch supports the free-space reacator/hopper, sllfcon powder me1 ter/shotter 
and shotter f l  u i  bed system, Deta i led  structural drawings are currently 
under preparation. 
1.1.6.1 Control System Des&nn 
Preliminary Pi31 d i a g r a m  have been developed for bo th  the free- 
space reactor and the shotter/rcel ter. The shotter/mel ter includes the  
silicon powder nel ter, shctter  and a f l u i d  bed s$ot  collect~on u n i t  located 
below the shotter tower. 
T h i s  rErort i t e r  includes a l l  in-hcuse and outside a c t i v i t i e s  asso- 
c i a t e d  w i t h  f c b r i c a  t f o n ,  del ivery ,  and vendor coo rd ina t i on  f r r  a1 1 iters 
of equlprent . 
Process Control -- and Cata Collection System and 
1.2.2 Electrical - Power System 
A summary t a b l e  of  pbrchasqd i t g r r  i s  as Follows: 
P ~ r c h a s e  Yutrber 
w . 8 . ~ .  !lc. D e r c r i p t i c ~  Orders Of T t e ~ s  Cost !$,9n?) 
-- 
1.2.1.1 F l e l d  Irstr~nents F 2 € 2 ;  1 E6 
and Contrels 
3.2.1.2 Panels and 59 462 163 
Fanel I n s  trunents 
1.2.1.3 Data Collection 19 15@ 16 5 
Sys tern 
1.2.1.4 Other Process 11 6 6 5 1 
Control Equipment 
1.2.2 .2  Power Control Center 1 2 54 
1.2.2,3 Otheo 'dwer Syster 1 1 35 
Equ t prnen t 
:hi; t a s k  inc ludes  the e f f o r t  required f o r  the f a b r i c a t i o n ,  
del {very, and acceptznce of the f r e e - s p ~ c e  r c a c t c r  w i t h  hopper, hydrooen- 
a t i o n  a v d  r 2 d l s t r i k u t I o n  r e a c t o r s ,  d i s t i l l a t i o n  colu~ns, and o+"r process 
equf prrent . 




9esc r i r t ; o r  
-- Orders - fif item -2-5- Cost l e  W n )  
i .;1.3.2 Reactors (Vendors Supp: 2 7 ! 39 
1.2.3.3 2 i s t i :  i a t i o n  
Col upns 
1 . 2 . 4  _ A _ _ - -  process Ec~ic~ent-- ' :erdor tesinned 
Th is  task includes the e f f o r t  r e w i r e d  for  the f a k r i c a t i o ~ ,  d e l i v -  
ery, and acceptance o f  compressors, purps, h e a t  e x c h a n g ~ r s ,  t a ~ k s ,  s o l i d s  
hand? ing equipment, waste treatnert equippent, and  other process eoui  went. 
A sunnary table of purchased i t e m  fo17ows: 
Purchase V u ~ b e r  
W . B . S  No. Description 
-- - -- Crders - Of Iterrs C o s t  (5,00?2 
1.2.4.1 Compressors 4 5 163 
1 .2 .4 .2  Pumps 8 14 54 
1.2.4.3 Heat Exchangers 8 14 73 
1.2 .4 .4  Tanks 8 22 181 
1 . 2 . 4 . 5  Sol i d s  Hand1 i nq 7 8 2 4 
1.2.4.6 Waste Treatment 3 7 5 1 
1.2.4.7 Other Process 3 4 6 7 
Equipment 
I. 2.5 Aux i l f a r y  Equfpmnt 
Thfs t a s k  Inc1 udes the e f fo r t s  required f o r  the f a b r i c a t i o n ,  
delivery, and acceptance o f  tbe themino1 heater, refrioeratjon u n j t ,  
hydrcsen and arson stcraqe tank, and cther auxi 1 iary equ5ment. 
P s u ~ z  ry tab1 e of rt,rcbased f t e n  fol lows : 
U.B.5. Yo, Sescr f  s t  i or 
----I 
Purc ha se thvbe r 
Zrders !?f I tetrs Cost fS,'3017.) 
1.2.6 Support E ~ t ~ e r  - t 
These fters  are asscc;ateb w i t h  the f i t t i n g - o u t  of the Q u a l i t y  
C~ntrcl (9.C.) Trailer. The t r a i l e r  Pas beeq delivered t o  the s i te  a t  
E a s t  Chlcago, h o ~ ~ e v e r ,  l iScra tcry e c ~ i ~ ~ e a t  h s  nct y e t  been received 
and wfll not be installed w t i l  i t  i s  :racsferred t o  tPe Fashinstan s i t e .  
1.2.8 Procurerent Support 
Th is  t a s k  i nc lbdes  the Prcc~rcrprt F e p a r t r e n t  e f f o r t  necessary 
t o  I n i t i a t e ,  Pcn i  tor and c o n t r o l  t h e  Furchase e f  equipment. I t  a l s o  i n -  
c ludes work associated wi th  c l ean ing  s p e c i a l t y  items t o  s t r i c t  s tandards,  
s i nce  the cotvonent s u p ~ l i e r s  cannot  meet the spec i f i ca t i ons .  
1.2.8.1 Purchasing, Exped f t i ng  
Equipment I t e m s  received a t  the East Chicago s i t e  are beinq 
checked and taqqed. The updated procurement s ta tuz  repor t  i s  shown a 5  
AppendSx A,  Approximately 92 percent o f  the  i t e m  charged t o  1.2 have 
been recelved and i nvo ices  pa fd .  
1.2.8.4 Tonawiinds Equipment Cleaning 
Cleaning ot spvclalty Items i s  about 00% complete, t h f s  a c t i v i t y  
w l l l  be completed in October. The s o e c i a l  ty i terrs consist of v a l v e s ,  in -  
s t r u m e ~ t s ,  t r a n s r i t t e r s ,  flowmeters, etc,--564 i tems will be cleaned to 
meet the chlorosilane spec1 f i c a t i ~ n ,  and an a d d i t i o n a l  147 f t e rs  w i l  f he 
cleaned to meet e l e c t r o n i c  crade qual i ty.  
1.4 OPERAT ION 
Volume i of  t h ~  o ~ e r ~ t ? r o  canual has keen p u t  on the  word cro- 
cessor syster. 'h is  voyume c w t a i n s  two sec t f ons - - t he  f i r s t  s e c t i o n  deals 
w i t h  chenfcal saTety and ~ i v e s  & t a i l e d  d e s c r i p t i o n  of  the handlina oC a l l  
chemicals which are i n v o l v e d  i n  the  r . r o c ~ s s .  second s e c t i o n  addresses 
p l a n t  s a f e t y  procedl i res anb d e s c r i b e s  i n  a  r van~a l  con* t he  a n e r a t i o n  recru- 
l a t l o n s  for sare  cyeratfor, of  a ~ l a n t .  Tr,c d r a f t  i s  r e c e i v i n o  an i n i t i a l  
rev iew by Safety Personnel  a t  Tcrawanda and !istersville, hut rust he re-  
viewed aqa in  before plant s t a r t - u p  t o  assure t h a t  all p o s s i b l e  h a z a r d s  for 
a s i l a n e  plant have been coosidored. Volume I 1  ( d e s c r i p t i o n  of the  p r o c ~ s s )  
and Volume 111 (cteration) are c u r r e n t l y  be ino  wr5tten. 
1 .4 .1 .3  Ccerat ions,  F i e l d  I ~ s p e c l i o n  and C a l i b r a t i o n  
The equipment a t  East Chicaqo has been prepared f o r  t r a n s f e r  t o  
the  new site--the gantry has been d i s a s s e ~ h l e d  and loaded on two trucks, 
Large vessels a r e  beina pu t  on cradlzs and srnaller items a re  be ino re- 
packaged. ?he t r a n s f e r  will be completed i n  October. The Q.C. trailer 
has been delivered t o  E a s t  Chicaqo s i t e  but will be t r a n s f e r r e d  t o  t h e  
West Coast .  
6 PROCESS SWPPQRT R & D 
The suoportinq R & 5 Program i s  secarate ?om the  wainstrean desiqn 
e f f o r t  and fncludes a 1  1 activities associated w i t h  a n a l y t i c a l  and experi-  
mental developntnt  o f  the f ree-srace reactor ,  t t e l t i n o / c o n s o l ~ d a t i o n  s y s t e ~ ,  
fl uid-bed r e a c t o r  s j s t e ~ ,  and qua1 i ty c o n t r o l  techniques and procedures, 
In format ion qenerated i n  t h f s  prooram w i l l  be used f o r  t he  EPSDU e f f o r t  
and the comterc4al f a c i l i t y  economic ana lys is ,  
1.6.2 Me1 t~nc!Consol f d a t i c n  
-------- 
The desian and develc~men'; ef fo r t  recessary t o  ob ta in  a r e l i a b l e  
melter f o r  EFSCU i n vo l ves  CCC and sub-contractor (Yayex !  eFfor t .  
1 . 6 . 2 . 1  Ye1 t e r  S t s t ~ r  S~;bcor* t rac t  
-,-.-- 
Thfs e f f o r t  i nvo l ves  es tab l i sh ino  and ranacinn the sub-contract  
and sub-csnt rac tor  develcprent ,  desiqn, and f a b r i c a t i o n  e f fo r t s .  
Kayex Corporat ion i s  developinn the s i l i c o n  rnel ter  systev f o r  
EPSDU. The s i l i c o n  conso l i da t i on  scheme i s  tased on me1 t i n o  t he  powder i n  
a quartz  c r u c i b l e  and drop pin^ s i l i c o n  shot  from the c r u c i b l e  bottom i n t o  
a coo l i ng  tower  where the  s h 7 t  i s  s o l i d i f i e d ,  The goal i s  t o  design and 
b u i l d  a me l t i ng /conso l i da t i no  system s u i t a b l e  ?,or i n s t a l l a t i o n  i n  the  EPSDU. 
Dur ing the t h i r d  quar te r ,  the sub-contractor  has completed the 
f f n a l  experfmental  runs t o  demonstrate f ~ a s a b i l i t y ,  the  fa;nsl r e o o r t  
w r i t i n g  and documentatSon w i l l  take place i v  October. 
Durfng the  period from June through Ausust 1981, 10 m e l t  runs were  made. 
The p e r t i n e n t  d e t a i l s  o f  each run are listed: 
I Mel t  Run Number 10 ( € / 3 ) :  Purpose - t o  produce shot  us ina a 
0.55 mm o r i f i c e  i n  a c a p i l l a r y  tubina nozzle w i t h  3 2 1  kg o f  s i l i c o n  chunks. 
Resul ts  - s h o t t i n g  was rnaintadned f a r  35 minutes a s  a throughput o f  2.42 kg 
o f  sflfcon (76% o f  load)  was obtained. O r i f i c e  eros ion  was 15.5: per hour, 
Exce l l en t  shot  was produced w i t h  an optimum downward a p p l i e d  pressure dSf- 
ference o f  2.0 p s i .  
r M e l t  Run t lurber 11 (6/19): Purpose - t o  produce shot using a 0.66 n 
o r l f l c e  a f t e r  n e l t i n q  1.38 kg a f  s i l i c o n  chunks and feedinq and meltins 
s i l i c o n  powder. Resul ts  - the b a l l  v a l v e  between the auser and the furnace 
tank jarmed w i t h  powder, so on ly  the chunks were me1 ted  and shot ted,  Nearly 
100: throuqhput was achieved i n  15 rnlnutes o f  sho t t l na .  O r i f i c e  eros ion  
was 16% p e r  hour. 
r Mel t Run Number 12 ( 6 1 2 6 ) :  Purpose - t o  re1 t 1.35 ko of s i l l c o n  
chunks, feed and m e l t  powder, and produce shot uslna a 0.58 mm o r i f i c e .  
Results - chunks were me1 ted, powder was fed u n t i l  i t  backed up fn to  the 
quartz powder feedfnq tube and shot was prcduced, Powder melted i n  the  
quartz tuhe and blocked f u r t b r  powder f low. The shot  stream was non- 
v e r t i c a l  so t h a t  " s p l a t "  b u i l t  up on the drop tube w a l l ,  eventually f a l l -  
ing and breakina the c o l l e c t i o n  tube. 
D Me1 t Run Number 13 (7/9): Purpose - t o  me1 t s i l  i c  ln  chunks, feed and 
s e l t  powder and produce shot  f r o m  a 0.58 mn or i f ;ce.  Results - the chunks 
were melted, and powder was fed, bu t  a l oss  of b u i l d i n g  water pressure 
caused the generator  t o  shut  down, endinq the run prematurely. 
a M e l t  Run Number 14 (7 /20) :  Purpose - t o  use the c y l i n d r i c a l  tubina 
c o i l  t o  m e l t  and shot  s i l i c o n  chunks and t o  feed, m e l t  and shot s i l i c o n  
powder. Results - the c o i l  water stayed cool ( < 1 2 5 * ~ ) ,  bu t  power d i d  not 
exceed 89?, and the chunks cou ld  not  be melted. 
M e l t  Run Number 15 (7 /22) :  Purpose - t o  use the  c y l i n d r i c a l  t ub ins  
c o i l  t o  m e l t  s i l i c o n  chunks after r a i s i n g  the qenerator  cu r ren t  1 i m i t  and 
balancing the three phases. Results - power reached 1047, bu+ the  s i l i c o n  
could n o t  be me1 ted. 
c Me1 t Run Plumber 16 (7 /27 ) :  Purpose - t o  me1 t and shot s i l i c o n  chunks 
and t o  feed, r e 1  t and shot s i l i c o n  powder usinu the  rec tanau lar  tub ina  c o i l  
w i t h  a water  booster  pump i n  the c o i l  water l i n e  which increased c o i l  water 
f low s i g n i f i c a n t l y .  A 0 .56  nun orifice and 1 . 1 5  k a  o f  chunks were used. 
Results - t h e  c o i l  water  stayed cool (<130"), the  chunks were melted, 
powder was fed and melted and sho t t i ng  began, b u t  the c o l l e c t i o n  system 
p l p i n g  became blocked w i  t h  shot and the c ruc fb le  rose out of the  susceptor, 
e n d i n g  the run, 
r MeltRun';*;mt?erl? (8/11): P u r p o s e - t o m e l t s i l i c o n c 5 u n k s ,  feed 
al;d me1 t s t1  icon powder and produce shot whl le  usin! a modf f ied cot lection 
system, a load cell  readout ,  automatic tem~erature  control,  a n d  a shottlng 
rate sensor. Results - the a u t c  t e~pera tu re  control l oop  a n d  the shot  
flowrater worked f i n e ,  the load cell  readout was obscured by channes in 
pressure d i f fe rence,  and  the col lectlon s y s t e ~  fanrned w i t h  shot ,  forcino 
termhation of  the run. 
a Melt Rhr, ttumber 18 ( 8 / l E ) :  Purpose - t o  me1 t s i l icon chunks a n d  feed 
a.id re : t  s i l i con  powder and produce shot w h i l e  ~ s i y  headsets t o  c ~ m u n i c a t e ,  
using the  load cel l  w i t h  the AP subtracted o u t ,  usinq a ~ o d i f i e d  collection 
s y s t w  with t he  shot qoinq d i rec t ly  i n t o  the collection d r u ~  (no 6iverter  
p l a t e )  and using the automatic terperature control let- and shot  C1cwrater. 
Results - t h e  headsets areat ly  a i d e d  operator comunication, the terperature 
controller maintained a constant tervperature a t  a qlven set point a n d  was  
used throuqhout the run, the collection system worked wi t bou t  any problems, 
shott!ng w a s  r a j n t a i n c d  for  a record 1-3/4 hours a n d  sho t  was defini te ly 
produced from pelted powder for the f i r s t  t ime. Also - arcinq ~ c c u r r e d  on 
the molybdenuw radiation sh ie ld ,  burn ing hales in i t  ( c a u s ~  unclear), 
Melt Run Nurber 19 68/28]:  , Purpose - t o  melt and shot si l icon chunks, 
then to feed and  melt s i l icon aswder and produce shot in order t o  t e s t  i f  
powder-melt shot i s  ifigerior to chunk-pelt shot. Also - t o  use a reverse 
flow check v a l v e  t o  prevent  a negative A P  which would cause the crucible 
t o  jump o u t  o f  the susceptor ,  t o  use a chart recorder for the terperature 
readou t ,  t o  use a full-bore ball valve and p l e x i a l a s s  tube f c r  the powder 
feedfns system, t o  use a Quartz crucible hood w i t h  a small ( 1 " )  viewport 
hole in i t ,  t o  use a powder level detector in the upper control mounting 
chamber, and t o  use a radiation shield w i r e d  t o  i t s  support tuhe. Results - 
the temperature readout on the chart recorder occurred over  a narrow bank 
whfch requires to  he widened, the manual powder feed systerr worked without 
d i f f i c u l t y ,  arcinq of the radiation shield did no t  occur and the powder 
l eve l  detector worked, but  i t  was too  s e n s i t i v e  t o  f a l l l n q  powder. Also- 
high qua1 f t y  shot  was obtained from the chunks r n ~ l t ,  a powder me1 t was 
crea tcd  w f th  almost no m e l t  i n  the c r u c i b l e  to start with, and the  ~owder 
me1 t shotted w i t h o u t  delay (previous powder rnel t runs had o r i f i c e  pluquinrl 
problems), but  the qua1 l t y  of the sho t  was poorer (s lower ,  formino sclat )  
than t h a t  o f  the chunk me?t. 
Kayex proqress r e p o r t s  t o  UCC are out o f  phase by one month w f t h  the 
UCC reporting t o  JPL, During September, Kayex made three successful me1 t 
runs and produced a t o t a l  of approximately 10 kiloq~.arns of s i l i c o n  shot  
dur-lng slrnul taneous powder feedinq,  r e 1  t i n o  and shottinq. 
Th ls  development proqram Inc ludes  a l l  analytical, exper imenta l ,  and 
desiqn e f f o r t  assoc ia ted  w i t h  developinq a f lu id -bed r e a c t o r  a s  an a l t e r -  
native or backup systev t o  the free-space reac to r .  
The experimental work was stopped in May 1981 due t o  budaet r e c i s i o n s ,  
however, s i n c e  the f l u i d - b e d  concept i s  p o t e n t f  a1 ly  ve ry  a t t r a c t i v e ,  i t  
I s  proposed t h a t  work will be r e s t a r t e d  i n  the  n e x t  f iscal  year,  
1.7 MANAGEMENT AND DELIVERABLES 
Thls  report ftem Include5 a l l  ac t iv i  t fes  associated wtth manaqing 
the prograr and lnsurlng t h a t  a l l  deliverables are made i n  accordance wfth 
the program requl rements . 
P!M Meeting 
The 18th Ply meeting was h e l d  on July 15/16, 1981 I n  Pasadena. 
Dr. Morlhara made a 45-mlnute presentation showjnp EPSDU progress. In 
h f s  presentstdon, he showed a collectfon of colored s l i de s  taken a t  East 
Chfcago durfng construction and rnicrophotoaraphs of ~ a r t i c l ~ s  taken from 
the f lu ld-bed after  s j l ane  pyrolysjs. 
Dellverables 
-- 
The monthly technical prosresr reports along with the  wonthly f inancia l  
and management reports  were issued as reoulred by the contract .  The second 
quarter 1981 progrers report was also  issued during t h l s  period, 4 pro- 
posed work plan f o r  continuation of the f luid-bed ac t i v i t y  dur ing  f i s c a l  
year 1982 was det ivered t o  JPL I n  Auqust. 
Major M I  lestones 
The major milestones reached t h i s  quarter are presented i n  Tab12 I I, 




MILESTGUF: -- DESCRIPTIOF: OF .%r;DR - MILESTONE 
A Gantry scale ngdel u~date-comple t e ,  
G Field ins trurner'its and cor~t~rol s-all eouin- 
ment rece ived ,  
J Data collect~on system-purchase orders 
issued. 
G D a t a  col lectlon sys tern-21 1 equinrnent recef ved. 
TY Power Control Center-all eauipment r e c e i v e d ,  
H Power rontrol Center-Final invoi  cc pa4 C, 
H Heat exchanqers-f i n a l  f nvo3ce nayment. 
[; n,C. t rai ler-al l  ectuins<ent recsivec!. 
G Vencbr p r i n t  ccn t ro l -a l l  drawinos an f i l e ,  
0 Test p l a n  s t a r t p a  
U, V, tl Monthly f inancial  and ~ a n a q e m ~ n t  r epor t s ,  
V ,  W Vonthly technical progress reno r t s .  
6 Q u a r t e r l y  techn ica l  nroorrss r e n o r t s .  
SECTION I I I ,  CONCLUSIONS 
Sign1 f icant high1 i q h t s  and concl usians are presented according t o  the 
re levan t  CIBS numbers. 
1.1 DESIGN f PROCUREMEtiT 
1.1.1 Process Design 
e Thls a c t i v 1  ty  was cornpletr!d e:tcept f a r  same minor  d e t a i l s .  
e A safety rev iew o f  the pressure r e l i e f  s y s t e r  remains t o  
bc made, 
1.1.3 Equipment ?esiqn, specific at lo^, Procurement 
a Schematic w i r i n g  diapram was completed. 
a Equipmeitt  c lean ino  i s  80" complete, 
1.1.4 lnstallatlon -- Design, SpecifJc;l_lioii, Subcontract 
a Mechanical and e lec t r ica l  cons t ruc t i on  subcont rac ts  were 
not awarded due to l a c k  o f  funds, 
Pyrolysis/Mel t i n g  S y s t 9 ~  
c Fabrication drawinqs f o r  the free-space reactor were completed. 
r Detailed s t r u c t u r a l  drawings are in pre3ara t ion .  
1.2 EQUIPMEN- - FABRICATION/DELI VERY 
a Approximately FSt' o f  equipment has been received. 
1.3 INSTALLATIOIII AND CHECKOUT 
a Equipment i s  being repackaged for shipment to the new EPSDU s i t e .  
1.4 OPERATION 
The d r a f t  o f  Volume 1 (Chemical and Plant  Safe ty )  i s  under 
review by UCC Safety Personnel. 
a Volumes I 1  (Descriptfon) and I11 (Operation) f s  being w r i t t e n .  
1.6 PROCESS SUPPORT R&D 
1.6.2 Me1 tlng/Consol i da t&  
a Kayex has completed the experlmental program wi th  a t o t a l  of 
22 melt runs and has demonstrated simultaneous powder feed- 
fng,  me1 t i n y  and shott ing. Documentation w i l l  occur .durf ng 
the l a s t  quarter .  
l , 6 . 3  Fluid-Bed Development 
e Thjs a c t i v i t y  has been p laced  on h o l d  bu t  may be continued 
i n  1982 f i s c a l  year. 
SECTION I V .  PROJECTED QUARTERLY ACTIVITIES 
-
1.1 LPSDU UESIGN/PROCUREMENT 
1.1.1 Process Design 
The safety revlew of the pressure relSef s y s t ~ ; ~ ,  deslgn whlch 
was scheduled for the thfrd quarter v+as n o t  held, the review 
will take place I n  the fourth quarter. 
1.1.3 Equipment Deslgn, Speci f f  cat ion, Procurement 
a Cleanlng o f  specfalty ftems wjll be completed. 
b Hydrogen cornpresser wlll be r e f i t t e d .  
Pyrolysis/Mel t f n q  System Desian 
m Complete design act ivf ty  f o r  free-space reactor wl th  avail- 
a b l e  manpower and fssue z d r a f t  package. 
1.2 EQUIPMENT FABRICATION/DELIVERY 
a Balance c f  equipment will be del ivered t o  EPSDU s i t e  and invoices 
paid, 
0 Equfpment cleaning will be completed, 
1.3 INSTALLATION & CHECKOUT 
Complete transfer of equipment. 
1.4 CPERATION 
e Compl e te opera t ions  manual, 
1.5 COMMERCIAL PROCESS ECONOMIC ANALYSIS 
u No acti vf  ty planned. 
1,6 -- PROCESS SUPPORT RLD 
1.6.2 Me1 t ing/Consuli  dat fon  
a E d i t  and fssue  f i n a l  report sumnarizinq the experiment,al 
contract wf th  Kayexl 
1.6.3 F l u  f d-Bed Dev2lopment -
Continue f lu id -bed  experimental work from the p o i n t  a t  
whlch f t  was stopped I n  May, 
1.7 -.- MP,NAGEMENT AND DELIVEMBLES 
Monthly f i n a n c i a l  andnl'anager~ent reports w i l l  be Issued.  
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